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ABSTRACT 

AddressThis paper describes the addition of a Dynamic 

Translation feature to ASSISI-V. ASSIST-V is a program 

which provides an environment for the implementation, 

testing and evaluation of systems software for the IBM 

of theSystem/360 series of computers. The implementation 

Dynamic Address Translation feature will assist in the 

teaching of virtual memory and paging techniques. The 

willDynamic Address Translation feature portion of ASSIST-V 

provide an environment for implementation and testing of 

virtual memory systems software for the IBM System/370 

serres of computers. This capability is achieved by 

simulating all relevant features of the System/370. In 

particular, the actual translation process, control 

registers, control modes of operation, and translation 

interrupts are added to ASSIST-?. 
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I. PBOJECT OVEBVIEH 

1. OBJECTIVES 

Although auch can be learned through the reading of 

appropriate textbooks, progranaing experience is still 

necessary to coaplete the education of the systeas 

prograaaer. Such activity generally requires the dedication 

of a general purpose aachine. Such dedication is generally 

not feasible on aainfraae coaputers. ASSIST-V, a software 

tool designed for use in the teaching of operating systems, 

file aanageaent, and aachine organization courses provides 

an environaent for the iapleaentation, testing, and 

seriesevaluation of systems software for the IBM System/360 

ofof coaputers. However, the current state-of-the-art 

coaputer technology requires that a virtual aemory 

environment be added to any such educational tool. 

Virtual memory is a method of automatically overlaying 

programs without the knowledge of the programmer, A 

sizeprograaaer may code a program with regard to only the 

constraints of the address space of a particular instruction 

Theset rather than the actual size of physical memory. 

automatic overlay process, called paging, gives the 

programmer the illusion that a large, continuous, linear 

aain aemory, the same size as the address space exists when, 

thanin fact, the main memory may be considerably smaller 

the address space. This simulation of a large main memory 

is not detected by the program running under such a system. 
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orPrograais are executed by napping the logical addresses, 

the ones to which a program can refer, to actual, physical 

as■emory locations. This address mapping process is known 

Dynamic Address Translation in the IBM System/370 machines. 

This thesis has added a simulation of the Dynamic Address 

Translation feature to ASSISI-V. With ASSISI-V it is now 

possible to interrupt a program at an arbitrary moment, 

record it and its data on virtual external storage devices. 

and at a later tine return the program to any simulated 

main-storage locations for resumption of execution. 

2. IflPLEMEMIATICN EKVIfiCNMENT 

The ASSIST-V simulator was written as a major extension 

to an existing program called ASSIST. ASSIST is a student 

oriented assembler/interpreter for IBM 360-370 machines. It 

andwas designed and implemented by Drs. John B. Mashey 

Graham M. Campbell, both of The Pennsylvania State 

1973,Oniversity (Mashey, Campbell and Forney, 1972, Mashey, 

and Overbeek and Singletary, 1976). The present version, 

maintained by the authors and distributed by The 

200Pennsylvania State University, is in use at over 

universities in the United States and abroad. 

ASSISI-V is an extension to ASSIST. The assembler was 

werepreserved virtually intact, and extensive additions 

made to the interpreter. since the assembler was unchanged, 

no change to assembly speed has occurred; execution speed is 

approximately 4300 instructions per second on an IBM 360 



3 

aodel 65. The version of ASSIST-V as described in £3J 

requires 74K bytes of storage |)lus user area. 

The Dynaaic Address Translation feature requires 4K 

bytes of storage in addition to the 74K required for 

ASSIST-V. Page size of the Dynaaic Address Translation is 

in afixed at 256 bytes to provide a workable page size 

student environment and because the standard 2K/4K page size 

size ofof the SysteB/370 is not coapatable with the track 

ASSIST-V virtual disks. ASSISI-V has remained intact with 

the exception of a reduction in size of main memory blocks, 

for 256changing from 2K to 256 bytes, to provide protection 

byte page frames. 
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II. DYNAHIC ADDRESS IRAHSLATIOIi USEE'S GUIDE 

U, PURPOSE AND SCOPE OF THIS GUIDE 

ofThe parposa of this guide is to define to the user 

ASSIST-7 the concepts of the Dynaaic Address Translation 

feature of ASSIST-V and to assist in its use. To use this 

guide, you should be faailiar with Tirtual neaory and 

briefASSIST-7, inclusive of the I/O package. There is a 

introduction to ASSISI-7 in the folloving section. aFor 

nore detailed explanation the user is referred to 

ASSISI-7: An Savironnental Siaulator for the IBH 360 Systea 

software Development [4J. Other documents that you nay need 

to consult are the IBH Systea/370 Principles of Operation 

£10,J which gives information on the hardware of the 

System/370 and the IBH Introduction to 7irtual Storage 

Systems [63, which gives information on the System/370 

virtual memory; that material will be assumed in this guide. 

2. INIHODOCTION TO ASSIST-V 

Initial Machine Configuration 

andThe user of ASSIST-7 prepares an "operating system" 

Thea series of one or nore test programs for that system, 

noreterm "operating system" in this context means one or 

supervisory routines to oversee the execution of the test 

programs. The supervisory routine nay be as simple as the 

interrupt handler for a single type of interrupt, or it may 

Thebe as complex as a multiprogramming operating system. 
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readsoperating system might even he a loader program that 

the test programs from the input stream, or the loader might 

read an operating system that in turn reads test programs. 

This operating system and its test program (s) are 

ASSIST-Vsubmitted to iSSIST-? for assemhly and execution. 

assembles the operating system and relocates the resultant 

0 ofobject code as if it were placed beginning at location 

an IBM 360. The operating system should include code to 

for eachdefine the reserved storage locations for new PSW’s 

alsointerrupt type being handled. An initial value should 

ifbe assigned for the interval timer at location X'50', 

usertimer services are used by the operating system. The 

wheremust also provide an initial value for the FSW showing 

and withexecution should begin within the operating system, 

initialwhat status (protection key and mask values) . The 

PSB must be at location 0 of the user's operating system. 

After assembling the program submitted. ASSIST-V 

prepares for a simulation run. The size of the simulated 

2Kmachine is determined to be the smallest multiple of 

(2048) greater than or equal to the length of the program 

assembled. ASSIST-V then fills all uninitialized storage 

locations (e.g. areas declared by DS statements) with X*F7’, 

fills all registers with X*F6*, and assigns each 2K byte 

memory block a protection key of 0, with fetch protection 

applied. 
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Siaolated Execution 

To begin the siiulation, ASSIST-V fetches the contents 

of location 0 and makes this the active value cf the PStf. 

It then precedes to fetch and interpret instructions, 

eventsimulating their effects as described in [9]. In the 

of a program exception (e.g. invalid opcode, protection 

PSW isviolation, address out of range, etc.), the active 

andstored at the program old PSH reserved location (X'28') 

arethe contents of the program new PSW location (X*68') 

made active. This action differs from that of regular 

forASSIST, in that ASSIST would normally terminate a user 

such a violation, while ASSIST-V effects a program 

interruption. Under ASSIST-V execution proceeds using the 

PSW specified in the program interrupt new PSW. 

ASSIST-? contains a table cf the execution time for 

After aneach machine instruction or I/O operation. 

theinstruction is performed or an I/O operation occurs, 

arecontents of the interval timer (memory location X'50') 

fromdecremented accordingly. If the interval timer passes 

andzero to negative, an external interruption is signalled, 

whenever the external interrupt bit (bit 7) of the PSW 

permits external interrupts, the storing of an old and 

fetching of a new PSW occurs. 

The completion of an I/O activity, and also other 

Theconditions in I/O execution, signal I/O interruptions. 

bitsPSW swaps for these are controlled by the system mask, 
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0-6 of the PSH. The interrupticn aechanism is the sane as 

described above for program and external interrupts. 

Termination of a User Program 

ASSIST-V continues to simulate instruction execution 

until one of three events occurs. 

1. The user halts the simulation by executing an XOPC 

25. (See the description of XOPC's in section III of the 

ASSIST-V User's Guide [5].) 

for2. The simulation halts due to exceeding the limit 

orreal execution time, number of instructions executed, 

amount of output produced. 

3. The user enters an "interminable wait" state. An 

interminable wait is one in which 

activea. the CPU is in wait state (bit 14 of the 

PSM is and 

b. no external interrupt can occur "reasonably 
t1 

or thesoon (the interval timer contains a negative value 

andexternal interrupt masle in the PSM contains a '0'), 

c. no I/O interruptions can occur (either no 

bitschannel-level I/O is in progress, or the system mast 

for all active channels contain '0'). 

After the program terminates, ASSIST-V displays final 

ofstatistics about the simulation. These include length 

CPU andthe simulation in timer units, percent of time the 

theeach channel were active, and percent of overlap by 

processors. 
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If the simulation terminated abnormally (reason 2 or 3 

above) , or if the user requested a dump (XCPC 2 5) , a 

termination dump is printed. This includes the final value 

ofof the P5H, a trace of the last 10 instructions, a trace 

the last 10 branches and/or PSH swaps, and the final 

contents of the registers and memory of the simulated 

machine. 

3. INTRODUCTION TO VIRTUAL UEMORY 

In the early days of computers, memories were expensive 

timeand small. Programmers spent a large portion of their 

on such systems trying to squeeze a program into memory, 

lessoften using an algorithm that was slower, or otherwise 

efficient than another, simply because the tetter algorithm 

was too big to fit into the computer memory. The 

oftraditional solution to this problem has been the use 

secondary memory, such as tape, drum, and disk. Memory 

serialmanagement techniques such as overlays and dynamic 

struct ures were developed to permit the execution of 

to theprograms that were larger than the memory available 

user. One drawback to these techniques, however, was that 

the programmer was responsible for designing the memory 

management structures, arranging for the movement of pieces 

inof program between secondary and main storage, and 

fromgeneral, managing the entire process without any help 

the computer. 
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In the eaclj 1960's a aethcd of perforsing the overlay 

process aatonatically, without the knowledge of the 

prograuer evolved; this nethod is now called virtual 

memory. Virtual nenory separates the concepts of memory 

oraddress space and memory locations. The address space, 

can referthe logical addresses are these to which a program 

when a program is executed. Logical addresses are mapped to 

real address locations which ate actual, hardwired physical 

memory locations. A memory map exists that maps logical 

addresses to real ones. Programs are written just as though 

addressthere were enough main memory for the entire logical 

space, even though that may not he the case. Programs may 

load from or store into any word in the logical address 

withinspace, or branch to an instruction located anywhere 

thatthe logical address space without regard to the tact 

thethere is actually not enough physical memory to contain 

theprogram. This process is completely transparent to 

user. The user of such a system can write programs without 

realizing that such a system exists. The user can simply 

think that the computer has a big memory. 

The only requirement within a computer system for 

virtual memory is the existence of a secondary memory large 

addressenough to contain the complete program. The logical 

space is broken up into equal sized chunks called pages. 

fromPage size in different virtual memory systems ranges 

of256 bytes to 4096 bytes per page, always being a power 
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intotwo. The physical address space is likewise broken 

of aainpieces, called page fraaes, so that each page frane 

W hen aaeaory is capable of holding exactly cne page. 

reference is made to a logical address, the computer 

translates the logical address to a real one using page 

tables, which aay be special hardware registers or reserved 

ofsections of memory. Under the IBM System/370 series 

Addresscomputers this process is referred to as the Dynamic 

Translation feature or ‘'DAT”. 

4. VIRTUAL STORAGE IN THE SYSTEM/37C 

usesThe Systea/370 Dynamic Address Translation feature 

both segmentation and paging to implement virtual memory. 

Segmentation is a memory management technigue used by IBM 

operating systems to organize main storage. A programmer 

and thewill code a program within a logical address space 

resultoperating system will automatically segment it. The 

is a program whose address space is one or more variable 

segments. Each segment is further subdivided into one or 

more pages that are fixed in size. Page size in the 

TheSystem/370 can be fixed at 2048 or 4096 bytes per page. 

logical address space is multilevel, structured into 

segments, pages within segments, and locations within pages. 

theThe logical address space is referenced by dividing 

theaddress into corresponding parts. Figure 1 shows how 

address is structured. 
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SEG PAGE DISPLACEHENT 

NO. NO. 

[ 1 2 1500 

< > < > < > 

6 Bits 4 Bits 12 Bits 

Figure 1. IBH address structure. 

number.The first 8 bits of the address contain the segment 

This allows up to 256 segments in a program address space. 

The next 4 bits make up the page number allowing for 

addresspages per segment. The displacement portion of the 

theconsists of 12 bits which indicates, within the page, 

firstlocation of the data being addressed relative to the 

location within the page. A 12 bit displacement size allows 

a page size of 4096 bytes. The above three part address 

structure is able to account for all of IBM*s 16,777,216 

abyte logical address space; 256 segments, each containing 

maximummaximum of 16 pages of size 4096 bytes gives a total 

address of 16,777,216 bytes. 

inA page may be placed into any available page frame 

main memory. The real address of where the page is placed 

in main memory is recorded in the page table. Each segment 

madeof a program has a page table. When a reference is to 

of thea logical memory address, the segment number portion 

whichaddress is used as a pointer into the segment table, 

contains the address of the page table for the current 

ansegment. The page number portion of the address becomes 

realindex into the page table to the position where the 

16 
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inStorage location of the referenced page has been placed 

■eaory. The Dynaaic Address Translation feature then 

concatenates the page frase address and the displacesent 

thetogether to form an absolute address. Figure 2 shows 

napping of a logical address to real. 

Before a program begins execution, the operating system 

loads Control Register 1 with the address of the program*s 

segment table. In Figure 2, a reference has been made to 

inlogical address (hexadecinal) 013F24. The segment number 

into thethe upper 8 bits of the address is used as an index 

segment table. The segment table entry points to the 

beginning of the page table for the currently referenced 

issegment. The page number from bits 8-11 of the address 

used as an index into the page table at storage location 

30000. The entry at this location identifies the beginning 

address of the page frame which contains the referenced 

address. The displacement portion of the logical address is 

then concatenated with the address of the page frame to give 

the real storage location address of 128F24. 

As previously mentioned, virtual storage is typically 

numberlarger than real storage, being bounded only by the 

andof bits which specify the address of a memory location 

Thenot the number of real storage locations available. 

advantages of a virtual memory system are enhanced through 

its capability to “automatically overlay" programs in page 

neededsize increments, requiring only that the immediately 
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RELATIVE ADDRESS 
SEG PAGE DISPLACEMENT 

1 3 F24 

SEGMENT TABLE PAGE TABLE 

SEG PAGE TABLE 30000--> PAGE REAL STORAGE 

MO. LOCATION NO. LOCATION 

? 1 30,000 64,000— 1 

2 30,200 2 128,000 

— > 3 128,000 

PAGE TABLE 

30200--> PAGE REAL STORAGE 

NO. LOCATION 

1 78,000 

2 244,000 

Figure 2. Address translation. 
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pages be in real storage at any one tine during execution. 

realThis is true even if the entire prcgtan could fit into 

storage. If a reference is nade to a page which is not 

readresident in real storage, the referenced page can be 

into real storage from external storage and execution 

resumed. This process is known as "demand paging". 

In a system where virtual storage is larger than real 

storage, all of the available page frames in real storage 

thiswill eventually be filled. A reference to a page in 

besituation requires that a page residing in real storage 

replaced to make room for the referenced page to be brought 

in. In such a case, any pages residing in a page frame 

There areallocated to users may be chosen for replacement. 

whichseveral page replacement strategies used to choose 

The reader ispage in real storage is to be replaced, 

ofreferred to Hadnick and Donovan £11] for a discussion 

of thepage replacement algorithms as well as a discussion 

interrupt action associated with page faults. 

The System/370 uses a least recently used page 

replacement algorithm to manage real storage. In this page 

beenreplacement strategy, the page frame which has not 

forreferenced for the longest period of time is chosen 

if thereplacement. A page out operation is necessary only 

it waspage chosen for replacement has been changed since 

paged in. This requires that a record of individual page 

usage be kept to assist the operating system in determining 
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Thiswiiicii page to reaove, and i£ a paging-out is required. 

has bean iaplaiented in the Systea/370 by extending the key 

in storage by two additionai bits, Bit 5, the reference 

thebit, noraally is set to one each tiae a location in 

orcorresponding storage biocx is referred to for storing 

fetching of inforaation. ait 6, the change bit, is set to 

one each tiae inforaation is stored in the corresponding 

storage bloch. 

5., OSINS THE YIEIOhL HEHOfiY OP THE EXTENDED 

INTEEPSETEH OP ASSIST-? 

The user of ASSISI-? with virtual aeaory proceeds with 

preparing an "operating systea" and a series of test 

prograas for that systea gust as under standard ASSIST-?. 

ASSIST-?However, with the virtual aeaory portion of 

aiapleaented, the user has the option of specifying 

siaulation of the Systea/370 with respect to the Dynaaic 

in theAddress Translation feature as well as a Systea/360 

sane fashion as basic-control andspecifying 

Thisextended-control nodes of operation on a SysteB/370. 

section will describe the different operating procedures 

Addressrequired for a siaulation run when using the Dynaaic 

Translation feature. 

As with standard ASSIST-? the user's operating systea 

is asseabled and relocated as though the resultant object 

However, if the testcode were placed at location 0. 

prograas are to be executed in a virtual aeaory environaent. 
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the; too Bust be assembled relative tc location 0, making 

each test program executable at any location in the 

simulated machine through dynamic address translation. Each 

and thetest program is assembled separately under ASSIST-V, 

anobject module for that program is written either on 

forauxiliary storage device or on cards. The object decks 

each test program are then written out by the user's 

operating system to an ASSIST-V virtual external storage 

formatdevice from which they may be paged in and out. The 

3.of object decks produced by ASSIST-V is given in Figure 

When the DECK parameter is specified on the // EXEC 

thecard, an object deck is punched regardless as to whether 

It is theprogram was assembled with errors or not. 

theresponsibility of the user to ensure the accuracy of 

test programs before they are submitted to the user's 

operating system for execution. Unlike standard ASSIST-V, 

thewhich will be terminated by an erroneous test program, 

user's operating system will attempt execution of the test 

program if it has been assembled separately. The // EXEC 

so thatparameters of NOLOAD and DECK are mutually exclusive 

ifthe execution of the test programs may not be suppressed 

an object deck is requested. Figure 4 shows the Job Control 

Language to assemble and punch object decks to an on-line 

fordisk for three test programs and then open the file 

input, so the user's operating system can read the object 

decks in order to load them to an ASSIST-V virtual external 

storage device. 
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Tho types of cards are punched and recognized: text 
cards (TXT) a which supply actual object code, and end cards 
(END) , which supply an optional entry point address for 

beginning of execution. The fornats of these cards are 

described below. ALWAYS lists the characters which are 

anddefinitely present, DECK notes those which are punched, 
OBJIN those required for input. The notation IGNOBED aeans 

whenthat the given card columns are coapletely ignored 
loading an object deck. 

CABD/COLUHNS ALWAYS DECK OBJIN 

END CARD 

1 < • IGNOBED 

2-4 END 

5 X*00' IGNORED 

6-8 entry address entry pt or blanks 
9-72 blank IGNORED 

sequence no.73-80 IGNORED 

TEXT CARD 

1 i IGNORED 

2-4 TXT 

5 X*00' IGNOBED 

6-8 beginning address of text code on this card 
9-10 blanks IGNOBED 

11 X'OO' IGNORED 

12 length of object code on card, from X'00* to X*38' 
(i.e. 0 to 56 decimal bytes of code). 

13-16 blanks IGNOBED 

17-72 up to 56 bytes of code, to be loaded at given address. 
73-80 IGNOBEDsequence 

When ASSIST punches an object deck, it punches the 
entire program storage, including character 5*s which fill 

any DS or other areas not having specified code values. 
Unlike the standard system assemblers, ASSIST always punches 
an END card with an entry point address on it, whether the 

user specifies an entry point on the source END card or not. 

Figure 3. Object deck format. 
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//PROCLIB DD DSN=J30861.P39488.PROCLIB,DISP=SHfl 
// EXEC ASSIST,PARM=»DECK' 
//FT07P001 DD DSN=6TEHP,SPACE= (TBK, (2, 1)) , 
// UmT=SYSDA,DCB=(RECfH=FE,LfiECL=80, 
// BLKSIZE=3120) ,DISP=(JIEW,PASS) 
//sysiN DD ♦ 
♦♦♦ USER TEST PROGRAM 

// EXEC ASSIST,PARM=»DECK' 
//FT07F001 DD DSN=&TEMP,DISP=(MOD,PASS) 
//SYSIN DD ♦ 
♦♦♦ USER TEST PROGRAM 

// EXEC ASSIST,PARM='DECK' 
//FI07F00t DD DSN=6TEMP,DISP=(MOB,PASS) 
//SYSIN DD * 
♦♦♦ USER TEST PROGRAM 

// EXEC ASSISTV,PROG=VIBTUAL 
//STEPLIB DD DSN=J30861.P39488.ASSISTV.LOADLIB2, 
// DISP=SHR 
//SYSIN DD ♦ 

USER OPERATING SYSTEM 

//INPUT DD DSN=&TEMP,DISP= (OLD,PASS) 

Figure 4, Sample JCL for separate assemblies. 
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6. ASSIST-V ADDBESS TBAHSLATION 

Dynamic Address Translation provides the ability to 

interrupt the execution of a program at an arbitrary moment, 

timerecord it on an external storage device, and at a later 

resumereturn the program to any real storage location and 

its execution. Address Translation is accomplished by 

treating the addresses supplied by the program as logical 

realaddresses. These logical addresses are translated to 

addresses through the use of translation tables created by 

the operating system. This section describes the support 

reguired by the user operating system to use the dynamic 

address translation facility of ASSIST-V. 

Page size in ASSIST-V has teen ixplemented in 256 byte 

blocks as opposed to System/370 page size of 2K or 4K byte 

on twopages. The choice to reduce the page size was based 

considerations; first, a small page size would be more 

frompractical in an academic environment, freeing the user 

having to create large test programs, and second, a page 

tracksize was needed that would fit completely on a single 

of 1692of ASSIST-V virtual disk, which has a track capacity 

bytes, which is less than the 2K page size of the 

mainSystem/370. To implement protection on such a system, 

ofstorage in ASSIST-V has been divided into storage blocks 

control256 bytes, each with it's own "key in storage 
ft 

field, rather than the standard 2K blocks. 
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The address structure is ioterpieted by the ASSIST-V 

Dynanic Address Translation feature as illustrated in Figure 

5. 

SEG NO. PAGE NO. DISPLACEMENT 

<—8 BITS--> <—8 BITS—> <—8 BITS —> 

figure 5. ASSIST-V address structure. 

theBits 8-15 give the segment number, bits 16-23 give page 

thenumber, and bits 24-31 give the displacement vithin 

page. When translation is performed, the segment and page 

numbers are used as indices into the segment and page tables 

respectively, and the logical displacement is concatenated 

vith the page frame address in the page table to give the 

address of the real storage location. 

With the dynamic address translation facility the CPU 

can operate either in translation mode or without address 

translation. If bit 12 of the PSW is a 1 , the CPU will 

operate in extended mode, translating addresses, and if bit 

12 is a 0, the CPU will operate in basic mode as a 

asSystem/360. All other bits in the PSW are interpreted 

they are in standard ASSIST-V. 

Control registers provide a means for maintaining and 

manipulating control information that resides outside the 

PSH. ASSIST-V has been implemented with four control 

The instruction LOADregisters, which are registers 0-3. 
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CONIBOL provides a neans for loading control information 

STOEEfrom main storage into control registers; whereas, 

controlCOHTBOL permits information to be transferred from 

in aregisters to main storage, Ibese instructions operate 

manner similar to LOAD HULTIPLE and STOEE MULTIPLE. Any 

3 willattempt to reference a control register greater than 

result in a specification error. 

Bits 0-28 of control register 1 designate the beginning 

6.and length of the segment table as illustrated in Figure 

LEHGTH SEGMENT TABLE S 

0 8 31 

Figure 6. Control register 1. 

The fields in the register are allocated as follows: 

of theBits 0-7 of control register 1 designate the length 

segment table. The length of the segment table is equal to 

8-28 ofone more than the value in bit positions 0-7. Bits 

control register 1 are a 24-bit real address that designates 

the beginning of the segment table. 

The validity of the information loaded into control 

isregister 1 is not checked at the time the register 

loaded. This information is checked and the program 

isexception, if any, is indicated when the information 

used. 
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Tho types of translation tables are used for dynaaic 

address translation - a segment table and a page table. 

These tables reside in aain storage. The format of the 

tables is shown below. 

Seqaent Table Entries 

Each entry in the segment table designates the length 

and origin of the corresponding page table. An entry in the 

segment table consists of a full word. Figure 7 shows the 

format of a segment table entry. 

LENGTH PAGE TABLE ADCB 

0 8 31 

Figure 7. Segment table entry. 

table.Bits 0-7 designate the number of entries in the 

The length of the table is equal to one more than the value 

in bit positions 0-3. The length field is compared against 

the page-index portion of the logical address to determine 

if the page index is a legal entry in the page table. 

aBits 8-28, with three low-crder zeros appended, form 

24-bit real address that designates the beginning address of 

the page table. 

£ac[e_Table_Entries 

The entry fetched from the page table indicates the 

availability of the page and contains the high order bits of 
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the real address. Each entry in the page table is three 

tablebytes in length. Figure 6 shovs the format of a page 

entry. 

PAGE ADOBESS 1 GOGOOOO 

0 16 23 

Figure 8. Page table entry. 

Bits 0-15 provide the left-most 16 bits of a 24-bit 

ofreal storage address. The page address and the contents 

arethe displacement field of the logical address 

concatenated to form a real address. 

Bit 16 is the page-invalid bit. When the page-invalid 

bit is zero, translation proceeds using the table entry. 

When the page-invalid bit is one, a page-translation 

occurs.exception is recognized and a program interruption 

Bits 18-23 are unused. 

7. TBANSLATION PfiOGBAB EXCEPTIONS 

The Dynamic Address Translation feature recognizes 

tvo additional program exceptions: 

Segment-Translation Exception 

A segment-translation exception is recognized when: 

1. The segment-table entry is outside the segment 

table. 
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£aae-Iranslation,Exce£tion 

A page-translation exception is recognized vhen: 

1. The page-table entry is outside the page table. 

2. The page-invalid bit has the value 1. 

These program exceptions are recognized only as part of the 

execution of an instruction using address translation. 

8. AM EiAhflE 

Figure 9 presents a sample operating system and three 

Addresstest programs executed by ASSISI-V uith the Dynamic 

Translation feature implemented. Each test program is a 

Theseparate CSECT assembled relative to location 0. 

anoperating system consists of macro and DSECT definitions, 

initialization section for the operating system and each 

atest program, SVC, I/O, and program interrupt handlers, 

andloader to write the test programs to virtual disk, 

internal I/O subroutines for reading in and writing out 

pages. The operating system is executed in tasic-control 

mode without address translation while each test program is 

executed in extended-control mode with address translation. 

addressesThe test programs are executed in page frames with 

different than those where each one was assembled. Each 

user is run under a separate protection key. The test 

OC2programs terminate with an SVC which results in an 

privileged operation exception when executed by ASSIST; 

however, when the test programs are executed by ASSIST-V, 
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the SVC instruction is recognized as legal and is executed 

accordingly. 

thatThe following describes the sequence of activities 

take flace as the test prograas are executed by ASSIST-V 

with dynaaic address translation. 

1. A call is Bade to internal subroutine LOADER to 

disk.write all three user test programs to ASSIST-V virtual 

The loader, in turn, makes three successive calls to 

subroutine GETPROG which returns one complete user program 

at HEMOEI (X* 1000') . LOADER then writes out each program to 

virtual disk in page-size records with each program 

allcontained in a separate track. When LOADER returns, 

test programs are stored on virtual disk. 

2. The first user is loaded into four successive page 

frames, in reverse order. The address of the page frame 

tableinto which each page is loaded is recorded in the page 

as the page is written in. 

3. Control register 1 is set to point to the 

beginning of the segment table. 

4. User 1's protection key (key=3) is placed into 

each key in storage associated with the page frames 

allocated to user 1. 

5. User 1 executes to completion, after which each 

thekey in storage is printed out in registers 4-7 showing 

reference and change bits for this user. 

6. Users 2 and 3 are separately loaded into memory 
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page fraaes in the saae fashion as user 1. Users 2 and 3, 

however, are loaded into aeaory together with their pages in 

reverse order into alternating page frames; the first 

logical page of user 2 is loaded into the page frame at 

hexadecimal location 1700, while the first logical page of 

locationuser 3 is loaded into the page frame at hexidecimal 

1600. As the pages are loaded into memory, the page tables 

for users 2 and 3 are set to reflect the real addresses of 

pages. 

7. Control register 1 is loaded with the address of 

the segment table for user 2. 

38. The protection keys for user 2 (key=2) and user 

frame(key=1) ate placed in each key in storage of each page 

2allocated to users 2 and 3 respectively, before user 

begins execution. 

9. User 2 executes to completion after which each key 

in storage for the page frame allocated to user 2 is printed 

bitsout in registers 4-7, showing the reference and change 

for user 3. 

10. Control register 1 is loaded with the address of 

the segment table for user 3. 

1 1. User 3 executes to completion after which the keys 

usersin storage are printed out in the same fashion as for 

1 and 2. 
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III. PBOGBAH LOGIC HAMUAL 

1. PUBPOSE 

This docuBSQt is intended for the person who will be 

creating and naintaining a version of ASSIST-V with Dynanic 

Address Translation. It contains infornaticn on how to 

intoassemble the Dynamic Address Translation feature 

ASSIST-V, the technical changes made to ASSIST-V in 

andimplementing the Dynamic Address Translation feature, 

suggestions for additions. A document you may wish to 

consult is ASSIST-V Program logic Hanual [4], which gives 

theinformation on bringing up and maintaining ASSIST-V; 

material in that document is assumed. 

2. SISGEM PABAHETEBS 

is anASSIST-V with Dynamic Address Translation 

extension of ASSIST-V. A proper ASSIST-V module must be 

becreated for the Dynamic Address Translation feature to 

beincluded. Only two additional SYSGEN parameters must set 

in ASSIST-V to include the Dynamic Address Translation 

feature; &VS370 and 6S370A. The parameter SVS370 controls 

the assembly of the Dynamic Address Translation feature, 

thewhile the latter parameter, &S376A, is required for 

andassembly of the System/370 instructions LOAD CONTROL 

STOBE CONTBOL. Bhen ASSIST-V is assembled to create a 

theversion with the Dynamic Address Translation feature, 

data sets SOOBCE1, S00aCE2, and SOOBCE6 must be assembled. 
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ASSIST-VSOORCES Bust be included if the present version of 

does not permit the assembly of SysteB/370 instructions. 

3. DYNAMIC ADDRESS TBANSIAIICN OVERVIEW 

The simulated execution-time Dynamic Address 

Translation feature consists primarily of translating 

logical addresses to real within ASSIST-V and routines to 

whichsupport the translation. Additionally, the routines 

do address and protection checking have been changed along 

with the implementation of the keys in storage associated 

with each 2K block of memory. These changes were necessary 

to reflect a virtual memory with a page size of 256 bytes. 

4. IN-LINE ADDITIONS TO ASSIST-V TO SOPPCRT DAT 

Addresses within ASSISI-V with the Dynamic Address 

whichTranslation feature are treated as logical addresses 

If the simulatedmay or may not require translation. 

12 of themachine is operating in extended control mode (bit 

PSW equal to 1), address translation occurs and the 

operating system must supply the appropriate translation 

If thetables for the Dynamic Address Translation feature. 

simulated machine is running in basic control mode (bit 12 

Theof the PSW equal to 0), no address translation occurs. 

thein-line changes to ASSIST-V consist primarily of placing 

basicmachine in the proper mode of execution (extended or 

control}, translating logical addresses to real, and 

ensuring that all instructions and operands are contiguously 

available to ASSIST-V for simulated execution. 



6 1 

Before an instruction is fetched, the FSH is checked tc 

controlsee if the nachine is running in basic or extended 

node. If the E-Bode bit is set, bit X*40* of control 

ECFLAG4 is set. This bit is the flag controlling address 

translation within ASSIST-V, If the translation routine. 

theDYNATEAN, is called and bit x*40' of ECFLAG4 is 1, 

isaddress is translated, otherwise the logical address 

returned as real. 

Prior to an instruction fetch, the address of the 

instruction is translated to obtain the real address of the 

next instruction. If the instruction lies entirely within a 

single page, the instruction is fetched just as under 

standard ASSIST-V; however, if the instruction is split 

across a page boundary, the separate parts of the 

theinstruction are concatenated in a 6-byte buffer, and 

buffer address is substituted for that of the real address. 

TheThis has no effect on ASSIST-V or cn the user program. 

of theupdates to the instruction stack and the incrementing 

instruction address register are done with logical 

eitheraddresses. ASSIST-V is able to proceed noroally with 

its normal instruction buffer or the one substituted by DAT. 

ofIf the instruction was an EXECUTE, the logical address 

the out-of-line instruction is placed into the instruction 

stack by a change made in the simulation of the EXECUTE 

instruction. 
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The operands of an instruction are checked for page 

boundary violations just prior to being checked for 

addressing and protection violations. After the first byte 

of an instruction is decoded, the opcode, a aultiway branch. 

is executed ASSIST-V to decode the differentby 

instruction.configurations of the second byte of an 

with theASSIST-V merges back after decoding the second byte 

logical address of the operand in register 1 and the operand 

islength in register 0. At tbis point, the macro DXCKOP 

DYPGVIOinvoked expanding into a call to internal subroutine 

which determines if the operand is split across two pages. 

to beIf so, a flag is set showing that the operand needs 

concatenated in a DAT buffer. 

After the operand has been checked for addressing and 

ifprotection exceptions, the operand is translated and, 

buffersplit across a page boundary, concatenated into a DAT 

with the address of the DAT buffer substituted for that of 

the operand address, If the instruction is an SS-type 

if ainstruction, the address of the first operand is saved 

page violation occurs so the result of the instruction 

execution can be returned to the first operand. 

Not all addressing protection checks are done in the 

main decoding loop by ASSIST-V. In the case of some SS-type 

instructions, the length of the operand is not given 

theexplicitly in the instruction and is not known until 

instruction execution is simulated. Such is the case with 
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the instcuctions LH, STM, LCIC, and STCTL. In such cases. 

done inpage violation checking and operand concatenation is 

the routines that siaulate the instruction. 

In most SS-type instructions, instructions that store 

instructionsthe contents of nultiple registers, and psuedo 

that BOdify storage, it is possible that the first operand. 

In suchthe receiving operand, is split across t«o pages. 

cases. the DAT buffer address has already been substiututed 

thefor the operand address and contains the result of 

instruction execution. Control is deferred to a section of 

code at the label EICONCAT where, if a page violation 

exists, the result of the instruction execution is copied 

out to separate pages before returning to fetch another 

instruction. 

5. SUPPORT BOUTINES FOB DAT 

This section describes the out-of-line routines that 

simulate the Dynamic Address Translation feature. These 

routines are written as internal subroutines tut establish 

own the lack oftheir adressability because of 

addressability remaining within the range of the base 

registers of CSECT EXECUTE. 

Subroutine DIMATBAB 

Subroutine DYBATEAN is the actual address translator. 

DYNATBAN receives a logical address in register 0 and 

returns a real one in register 0. If bit X*40* of ECFLAG4 
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asxs set to 0 (BC Bode) , the input paraneter is returned 

the real address. DYMATBAN checks for segoent-translation, 

translation-specification, and page-translation exceptions 

in the process of following a chain cf pointers beginning 

thewith control register 1 through the segnent table to 

ofpage tables. If no errors are found, the real address 

of thethe page is concatenated with the displacement bits 

logical address to fora a 24-bit real address. If a prograa 

routineexception is found, the address of the proper error 

is loaded into the return register. 

Internal subroutine DYSEIEC is called by DYNATEAN to 

ofset the reference and change bits in the keys of storage 

the real address being referenced. 

Subroutine DYIMSCHK 

S ubroutine DYINSCilK checks to see if an instruction is 

foursplit across a page boundary. If there are aore than 

isbytes reaaining on a page, all cf the current instruction 

on the current page; however, if not, there is a possibility 

athat the instruction violates a page boundary. In such 

addresscase, DYINSCHK copies the reaaining portion of the 

to theinto a DAT buffer, adds the length of that portion 

thelogical address and translates the result to locate 

reaaining part of the instruction. The rest of the 

instruction is then concatenated with the first part of the 

instruction in the buffer. The address of the buffer is 

substituted for the instruction address. 
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Subroutine DIPGVIO 

Subroutine DYPGVIO chects an operand to see if the span 

a callof the operand is across a page boundary. Prior to 

to DYPGVXOf a translation flag is set by the caller 

indicating which operand is to be checked. This routine 

Ifadds the length of the operand to its beginning address. 

isthe result crosses a logical page boundary, the operand 

thenot entirely within one page. If this is the case, 

routine returns without resetting the flag showing which 

operand is being checked for a page violation, This flag is 

into orlater used to deternine if an operand is to be read 

If no violation iswritten out frow contiguous DAT buffers. 

found, the flag is reset. 

DYPGVIO assuoes that the caller has reguested for 

operand 2 to be checked. If this is not the case, operand 1 

beis checked. The determination of which operand is to 

checked is order dependent. The caller specifies which 

eachoperand is to be checked by setting one of two bits, 

chosencorresponding to an operand. The correct operand is 

1by inspection of these two bits. ASSIST-V checks operand 

prior to operand 2, and if there is a violation on operand 

1, operand 1*s bit will remain set while operand 2 is being 

checked. If the initial assumption is made that a request 

behas been made to check operand 1, operand 2 nay never 

checked. This problem is avoided by inspecting the bit 

1.specifing operand 2 before the bit specifing operand 
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Subroutine DYMVOPER 

isSubroutine DYIiVOPEfi concatenates an operand that 

split across two separate pages into a contiguous DAI 

bebuffer. After a deterainaticn of which operand is to 

thecopied by an inspection of bits set by the caller, 

into arenaining data on the current logical page is copied 

buffer. The remaining portion of the operand is located by 

translating the sum of the logical address of the operand 

and Thethe remaining number of bytes on the current page. 

buffer address is substituted for that of the operand by the 

caller. 

Subroutine DYMVOPIN 

Subroutine DYHVOPIN is the analog of DYMVOPER, writing 

out an operand from a contiguous DAT buffer to two separate 

pages. The method of operation is similar to that of 

DYMVOPER, except in the direction of the data movement. 

6. IMPLEMERTATIOS Of CONTBOl REGISTERS 

ofIn the System/370 control registers provide a method 

maintaining and manipulating information that resides 

outside the PSH. Control registers 0 and 1 are used by the 

Systen/370 during dynamic address translation. Control 

and isregister 0 specifies the page size in the System/370 

implemented in ASSIST-V but unused. Control register 

and isspecifies the length and address of the segment table 

beensimulated by ASSIST-V. Control registers 2 and 3 have 

1 
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reserved for future use. Additional control registers can 

the fakebe iapleaented by adding the additional storage for 

control registers ECONBEGS in DSECI ECCNTBOL. 

Infornation in control registers is fetched and stored 

Theseby the instructions LOAD CCNTfiOL and STORE COBTROL. 

instructions have been added to the instruction set of 

ASSIST-V. LOAD CONTROL and STORE CONTROL are described in 

the IBM Systea/370 Principles of Operation [10]. Any 

attempt to reference a control register not currently 

iapleaented by ASSIST-V results in an OC6 specification 

exception. 

Until all control registers are iapleaented, wraparound 

is not permitted and results in an OC6 specification 

isexception. If and when a full set of control registers 

linesinstalled, this prohibition can be removed by deleting 

85612220-85612240 in the simulation of LOAD CONTROL and 

beenSTORE CCNTfiOL. The code to support wraparound has 

added to ASSIST-V for the tine when a full set of control 

registers is present. 

LOAD CONTROL and STORE CONTROL are executed by the same 

code which simulates LOAD MULTIPLE and STORE MULTIPLE after 

is tosome preliainary error checking is done and a flag set 

indicate LOAD CONTROL and STORE CONTROL are being executed. 

enableSoae flags have been added to the simulation which 

the instruction siaulation to substitute the address of the 

fake control registers in place of the fake general purpose 

registers. 
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7. CHARGES TO ASSISI-V FOB DAT 

This section describes the changes Bade to standard 

ASSIST-V in siBulating the Dynanic Address Translation 

feature. 

The priaary and only major change to ASSIST-V is how 

Bain storage is divided into blocks. When the Dynamic 

Address Translation feature is assenbled into ASSIST-V, main 

ofstorage is divided into 256-byte blocks for purposes 

protection and recording reference and change information. 

in realThis change was necessary so individual page frames 

storage could be protected and reference and change 

6 ofinfornation for each page could be kept in bits 5 and 

the keys in storage. 

The instructions INSEBT STCBAGE KEY and SET STORAGE KEY 

256have been changed to reflect the new block size of 

bytes. INSERT STORAGE KEY and SET STORAGE KEY are executed 

as described in IBM SysteB/370 Principles of Operation [10] 

inexcept as with the above interpretation of the keys 

storage and one further change; when the PSH specifies 

intobasic-control mode, the complete 7-bit key is placed 

R1bit positions 24-30 of the register specified in the 

field. If this were not the case, the user operating system 

bitswould not be able to inspect the reference and change 

when the user operating system was executing in 

basic-control mode. 

inThe change in the way ASSIST-V interprets the keys 

thatstorage has required a change to be made to the routine 
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checks for protection exceptions. Standard ASSIST-V siaply 

thechecked contiguous blocks of storage, beginning with 

highest referenced block of storage through the lowest 

when ablock. Since blocks (or pages) nay not be contiguous 

method ofprogram is executing in extended-control node, the 

addresschecking protection had to be modified. The logical 

of each block referenced is translated to locate each page 

For futureand the associated key in storage. 

implementation of operands with a length greater than 

willbytes, such as MVCL, the protection checking routine 

check as many keys in storage as required to successfully 

perform a protection check on an operand. This change is 

transparent to the user. 

to standard ASSIST-V toThe only other change made 

wasimplement the Dyn2uiic Address Translation feature 

limiting the maximum length of an operand of psuedo 

The size of the DATinstructions to 256 bytes, 

concatenation buffers is fixed so an upper bound is placed 

on the length of operands, The System/370 instructions HVCL 

and CLCL are not supported in this version of ASSIST-V. 

8. BUGS IN ASSIST-V AFFECTING DAI 

There were two bugs found in ASSIST-V during the 

writing of the Dynamic Address Translation feature worthy of 

note. The first bug concerns protection checking of psuedo 

instructions. ASSIST-V always does protection checking 

based on information from the second byte of the 

256 
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instruction. However, the length of a psuedo instruction is 

ofcontained in the third byte. ASSIST-V checks the length 

secondthese instructions using the extended opcode in the 

obtainbyte instead of the length. The failure to properly 

the correct length of the operand can result in the failure 

to detect and concatenate an operand that spans across two 

pages. 

A similar bug was found in the execution of the 

instructions TRANSLATE and TRANSLATE AND TEST. The length 

is fixedof the second operand in both of these instructions 

does aat 256 bytes. ASSIST-V does not recognize this and 

secondprotection check based on whatever value is in the 

checkbyte of the instruction. This results in a protection 

Asof the second operand based on the length of the first. 

inin the case of the psuedo instructions, this can result 

the failure to detect and concantenate an operand which 

spans across two pages. Both of these bugs have been 

corrected in the current version of ASSIST-V. 

9. POSSIBLE ADDITIONS TO DAT 

The Dynamic Address Translation feature presently 

implemented assumes the existence of associative array 

assumesregisters in the translation process and in doing so 

aa negligible translation time. The Systea/370 maintains 

set of special-purpose registers which contain the most 

recently referenced pages from the executing program. 

H henidentified by their segment and page numbers. a 
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reference is Bade to a logical address, each of the 

for aassociative array registers are searched in parallel 

Batch on the referenced page. If a Batch is found, the 

address is translated completely within hardware with a very 

At thesmall time degradation due to address translaticn. 

same time the search of the associative array registers 

tables.begxns, translation begins through the translation 

A realistic illustration of the degradation of program 

execution tine due to address translaticn could be 

demonstrated by simulating the associative array register 

process in ASSIST-V. A table of the last N referenced pages 

could be kept by the Dyanmic Address Translaticn feature as 

If thea simulation of associative array registers. 

the usercurrently referenced page is present in this table, 

if thewould not be charged for translation time; however, 

usercurrently referenced page is not in the table, the 

of awould be charged for two memory references in the case 

successful translation, two nemcry references and a page-in 

operation in the case of a page fault, and one memory 

reference and a page-in operation in case of a segment 

fault. Test programs could be run both in extended-control 

mode and basic-control mode to show the difference in 

execution time between virtual and non-virtual memory. 
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